Background The aim of the present study was to evaluate the feasibility of laparoscopic completion total gastrectomy (LCTG) in patients with remnant gastric cancer. Methods Patients who underwent completion total gastrectomy for remnant gastric cancer between May 2003 and December 2012 were divided into two groups: an open completion total gastrectomy (OCTG) group and an LCTG group. Clinicopathological data, operative data, and patient survival rates were analyzed. Results Thirty-four remnant gastrectomies (17 OCTG and 17 LCTG) were performed. The mean time interval between the prior gastrectomy and the remnant gastrectomy was 17.2 years, and benign disease showed a longer time interval than malignancy (30.9 vs. 8.1 years; p \ 0.0001). LCTG required a longer operation time than OCTG (234.4 vs. 170.0 min; p = 0.002); however, there were no significant differences in the estimated blood loss, the number of retrieved lymph nodes, the time to first flatus passage, the length of hospital stay, complication rates, and postoperative analgesia between the two groups. Eight patients (47.1 %) required conversion to open surgery during LCTG. The median overall survival was 69.1 months. There was no difference in 5-year survival between the two groups (p = 0.085). Conclusion LCTG was technically feasible; however, it showed no definitive clinical advantage over OCTG.
Introduction
The incidence of remnant gastric cancer is increasing due to the use of subtotal gastrectomy to treat peptic ulcer disease in the past and because of increased survival rates after radical gastrectomy for gastric cancer [1] . Remnant gastric cancer is defined as gastric cancer in the remnant stomach after partial gastrectomy for benign disease or gastric cancer [2] . The rate of remnant gastric cancer is higher after a Billroth II procedure than a Billroth I procedure, and remnant gastric cancer is caused by the continuous bathing of the gastric remnant with bile acids, resulting in repeated mucosal inflammation and regeneration [3] [4] [5] [6] [7] . Completion total gastrectomy with radical lymphadenectomy is the only potentially curable option for remnant gastric cancer.
Laparoscopic gastrectomy is an alternative option for the treatment of early gastric cancer, and is associated with less postoperative pain, a shorter recovery period after surgery, and fewer complications [8] [9] [10] [11] . Recent studies suggested that the indications for this procedure be extended from locally-advanced cancer to far-advanced cancer to reflect the advances made in laparoscopic devices and techniques [12, 13] . However, few cases of laparoscopic completion total gastrectomy (LCTG) have been reported, and no studies on the efficacy of laparoscopic surgery for remnant gastric cancer have been undertaken. Therefore, the aim of this study was to evaluate the feasibility of LCTG for remnant gastric cancer, and to verify the theoretical advantages (less postoperative pain, fast postoperative recovery, and lower complication rates) of laparoscopic surgery over open completion total gastrectomy (OCTG).
Materials and methods
This study was approved by the Institutional Review Board for research using human subjects at Seoul National University Bundang Hospital (protocol registration number B1309-218-105). A database search of patients who underwent surgery for remnant gastric cancer at Seoul National University Bundang Hospital between May 2003 and December 2012 was performed from the prospectively maintained gastric cancer database and electric medical records of the hospital. Thirty-seven patients were identified, but three (two cases of combined surgery for primary colon cancer and one case of completion total gastrectomy for a missed lesion at the initial operation) were excluded. The remaining 34 patients were divided into two groups according to the initial method of approach: an OCTG group (n = 17) and an LCTG group (n = 17) (Fig. 1) .
Surgical procedures
All patients were treated by a single experienced surgeon who performed more than 2,000 cases of laparoscopic gastrectomy for gastric cancer between 2003 and 2012. The laparoscopic approach was performed in informed, consenting patients with preoperative T1N0M0 to T2N0M0 stage cancer [American Joint Committee on Cancer (AJCC), 7th edition] before October 2008; since then, this indication was extended to preoperative T4aN1M0 stage. All patients underwent remnant gastrectomy with lymph node dissection, and Roux-en-Y esophagojejunostomy was performed after completion of total gastrectomy.
A five-port approach was used for the laparoscopy group. This is the same system used for patients undergoing laparoscopy-assisted total gastrectomy. The first 12-mm trocar was inserted into either the infra-umbilical area or left subcostal area using the Hasson method. A 10-mm flexible laparoscope was used and the CO 2 pressure was maintained at 10-12 mmHg. An ultrasonically-activated coagulating scalpel (Harmonic Scalpel, Ethicon EndoSurgery Inc., Cincinnati, OH, USA) and LigaSure (Valleylab, Boulder, CO, USA) were used for adhesiolysis and radical lymphadenectomy. After completing the total gastrectomy, intracorporeal end-to-side esophagostomy was performed using a laparoscopic purse-string clamp (Lap-Jack, Eterne, Kyeonggi-do, South Korea) and a circular stapler. The procedure is described in detail elsewhere [14] . 
Statistical analysis
All statistical analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The chi-squared test, Fisher's exact test, and the Mann-Whitney U test were used for comparisons between the two groups. A p value of \0.05 was considered statistically significant.
Results

Patient characteristics
The patient characteristics are shown in Table 1 . The mean age of the patients was 66.2 years. The mean time interval between the prior gastrectomy and the development of remnant gastric cancer was 17.2 years (30.9 years in previous benign disease vs. 8.1 years in previous malignant disease, p \ 0.001). The most common previous reconstruction method was a Billroth II anastomosis (20/34 patients, 58.8 %).
The tumor location was classified according to the modes of previous reconstruction and the original disease. The anastomotic site was the most common area of remnant gastric cancer in patients that underwent Billroth II (9/20, 45 %), and the body was the most common site in patients that underwent Billroth I (5/10, 50 %). BMI body mass index, G-J stomy gastrojejunostomy, E-G stomy esophagogastrostomy p value was \0.00 There was no statistically significant differences between the groups in terms of age, sex, the original disease, and previous reconstruction; however, the LCTG group contained six patients who had previously undergone laparoscopic gastrectomy (p = 0.006; Table 2 ). The mean operation time was longer in the LCTG group than in the OCTG group (234 vs. 170 min; p = 0.002); however, there was no significant difference in the estimated blood loss (227 vs. 184 ml; p = 0.518), time to first flatus passage (4.6 vs. 5.0 days; p = 0.564), length of postoperative hospital stay (9.3 vs. 9.3 days; p = 1.000), or postoperative analgesia more than three times [4 (23.5 %) vs. 1 (5.9 %); p = 0.172]. The mean number of retrieved lymph nodes was 22.3 for the OCTG group and 18.8 for the LCTG group. The difference was not significant (p = 0.451). The mean cost of hospital stay and operation was higher in the LCTG group than in the OCTG group (7461 USD vs. 9646 USD; p = 0.008).
Because there were eight cases of open conversion in the LCTG group, we reclassified the OCTG groups such that it included patients that required an open conversion (r-OCTG) and reclassified the LCTG group such that it only included patients that did not require open conversion (r-LCTG) ( Table 3 ). The estimated blood loss in the r-LCTG group was less than that in the r-OCTG group (246.4 vs. There was no significant difference in morbidity between the OCTG group (29.4 %) and the LCTG group (35.2 %) (p = 0.533). Two patients suffered major complications (Cgrade IIIa according to the Clavien-Dindo classification). One OCTG patient developed an intraabdominal abscess in the sub-phrenic area, which was treated by percutaneous drainage. One LCTG patient developed edema at the site of jejunojejunostomy; however, this improved after a percutaneous transhepatic biliary drain was inserted to relieve the reflux cholangitis. None of the patients died.
Eight patients in the LCTG group required open conversion. The most common reason for open conversion was the presence of severe adhesions (Table 4) . Five out of six LCTG patients who had previously undergone laparoscopic gastrectomy required conversion to open surgery, as did six out of eight patients who had previously undergone gastrectomy due to malignant disease. Laparoscopic surgery was successful in 71.4 % (5/7) of patients with previous benign disease, and in 40.0 % (4/10) in patients with previous malignant disease, but the difference was not significant (p = 0.335).
Survival after completion total gastrectomy
The mean duration of follow-up was 30.5 months (37.3 months for the OCTG group vs. 23.6 months for the LCTG group; p = 0.163). The median overall survival was 69.1 months and the 5-year survival rate was 66.6 %. There was no difference in 5-year survival between the two groups (60.3 % in the OCTG vs. 66.7 % in the LCTG; p = 0.085).
Seven patients died during the follow-up period: three due to recurrence (all in the OCTG group) and four from other diseases (three OCTG patients and one LCTG patient). One patient is alive with recurrent disease. None of the patients developed local recurrence.
Discussion
Yamada et al. [15] first reported a case of laparoscopyassisted resection of gastric remnant cancer in a patient who had undergone a previous Billroth II reconstruction in 2005. In 2010, Park et al. [16] reported nine cases of laparoscopy-assisted resection, including two patients that had previously undergone a Billroth I reconstruction. Shinohara et al. [17] were the first to report a series of patients that underwent total LCTG. All of these studies showed the feasibility of laparoscopic surgery, even though there was technical difficulty due to adhesions around the previous anastomosis. Some studies reported less estimated blood loss and faster recovery of bowel movement after LCTG. However, there was no comparative study on the efficacy of LCTG for remnant gastric cancer.
There is no consensus regarding the use of a laparoscopic approach for completion total gastrectomy; however, we performed an open conversion in eight cases, mostly due to the presence of severe adhesions. Therefore, the use of laparoscopy for completion total gastrectomy should be considered in patients with mild adhesions.
Overall, several factors should be considered when selecting potential cases for laparoscopic surgery. First, the type of the original disease might be a major cause of severe adhesions. For example, in contrast to benign disease, radical lymphadenectomy is mandatory in the case of malignant disease, and this may result in complicated and confused adhesions around the site of the previous operative bed. We noted that laparoscopic surgery was more successful for patients with previous benign disease than for those with previous malignant disease, although the difference did not reach statistical significance.
Yamada et al. [15] stated that technical difficulties may arise in patients that had undergone a previous Billroth I reconstruction. This is because firm fibrous adhesions forms around adjacent organs such as the liver and pancreas. Here, we performed open conversions in five out of six patients with a previous Billroth I reconstruction, and observed severe adhesions between the site of gastroduodenostomy and the pancreatic head or the liver, even in those that had undergone laparoscopy-assisted distal gastrectomy.
Conversely, the previous approach does not appear to be the deciding factor when choosing LCTG. Laparoscopic surgery can reduce the formation of adhesions between the abdominal wall and intra-abdominal organs, but it does not appear to reduce the formation of adhesions around the operative bed, especially at the anastomotic site. Five of the open conversions in the present study were performed in patients who had undergone previous laparoscopyassisted distal gastrectomy for gastric cancer, and only one patient that had previously undergone laparoscopy-assisted proximal gastrectomy underwent successful LCTG. Therefore, the patient who underwent subtotal gastrectomy with previous Billroth II reconstruction for benign disease may have been a good candidate for the laparoscopic approach in remnant gastric cancer, based on our experience.
The extent of lymph node dissection required during LCTG has not been established, but the Japanese gastric cancer guidelines recommend radical lymphadenectomy with complete resection of the remnant stomach for patients undergoing an open procedure [18] . Regarding the number of retrieved lymph nodes, there was no difference between the open and laparoscopy groups (22.3 vs. 18.8; p = 0.451). Similarly, there was no difference in survival between the two groups, despite the heterogeneity of the tumor stages. Thus, although the laparoscopic procedure for remnant gastric cancer seems to be acceptable in earlystage gastric cancer, further robust clinical studies and the collection of large-scale data are still required.
We also found that the mean operation time for LCTG was longer that for OCTG, and that the procedure resulted in a higher conversion rate; however, there were no significant differences in estimated blood loss, length of hospital stay, time to first flatus passage, and complication rates.
Because there were eight cases of open conversion in the LCTG group, we reclassified the OCTG group such that it included patients that required an open conversion (n = 25) and reclassified the LCTG group such that it only included patients that did not require open conversion (n = 9). We then reanalyzed the data. The estimated blood loss in the reclassified LCTG group was less than that in the reclassified OCTG group; however, there was no difference in the time of flatus passage, length of hospital stay, or complication rates. Thus, in contrast to previous reports, we concluded that LCTG is feasible in terms of technique, but it has no definitive benefits over the open procedure. However, when interpreting the results of the present study, we must bear in mind the limitations. The study had a retrospective design and the sample size was small. Therefore, multi-center studies and/or meta-analysis should be considered to verify the putative advantages of LCTG. 
